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57 ABSTRACT

A delayed acknowledgement transmission method and an
apparatus are provided for improving communication perfor-
mance of a system and a terminal by delaying an ACKnowl-
edgement (ACK) transmission of the terminal in a handover
procedure. The method includes transmitting an acknowl-
edgement corresponding to a segment immediately upon
receipt of the segment, detecting a delay condition event
which is triggered when a difference between a signal
strength of the source base station and a neighboring base
station is equal to or greater than a predefined offset, calcu-
lating a delay value for delaying acknowledgement transmis-
sion corresponding to the segment received after detecting the
delay condition event, and transmitting the segment received
after the detection of the delay condition event by delaying by
as much as a time corresponding to the delay value. The
apparatus is capable of avoiding a router’s performance deg-
radation and reducing a packet transmission delay and packet
loss.

8 Claims, 8 Drawing Sheets
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FIG. 4
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FIG. 5
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DELAYED ACKNOWLEDGEMENT
TRANSMISSION METHOD AND APPARATUS
IN MOBILE COMMUNICATION SYSTEM

PRIORITY

This application claims the benefit under 35 U.S.C. §119
(a) of a Korean patent application filed on May 3, 2011 in the
Korean Intellectual Property Office and assigned Serial No.
10-2011-0041866, the entire disclosure of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile communication
system. More particularly, the present invention relates to a
delayed acknowledgement transmission method and appara-
tus for improving communication performance of a system
and a terminal by delaying ACKnowledgement (ACK) trans-
mission of the terminal in a handover procedure.

2. Description of the Related Art

In a cellular mobile communication system, as a user
moves to a cell edge in a cellular mobile communication
system, a terminal releases a connection to a serving cell, or a
source cell, and establishes a new connection to a neighboring
cell, or a target cell. Such a process, in which the terminal
switches the connection from one cell to another according to
the terminal’s roaming or communication environment
change, is referred to as a handover.

FIG. 1 is a diagram illustrating a principle of a handover
procedure according to the related art.

Referring to FIG. 1, a mobile communication system
includes Mobile Equipment (ME) 100, a router 130, a gate-
way 140, a Source evolved Node B (SeNB) 115 managing a
source cell 110, and a Target eNB (TeNB) 125 managing a
target cell 120. The SeNB is also referred to as a serving eNB.
The terms “SeNB” and “serving eNB” are used interchange-
ably herein. The source cell is also referred to as a service cell.
The terms “source cell” and “serving cell” are used inter-
changeably herein.

It is assumed that the ME 100, which has received a data
segment from a server 150 via the gateway 140, router 130,
and SeNB 115, is transmitting an ACK corresponding to the
data segment, before a handover takes place. The ME 100
moves out of the source cell 110 and enters the target cell 120.
At this time, the ME 100 receives a Handover Command from
the SeNB 115 and performs handover by releasing the con-
nection to the SeNB 115 and establishing a new connection to
the TeNB 125.

In the handover procedure of the related art, the ME 100
releases the connection to the SeNB 115 upon receipt of the
handover command and sends a handover confirm message to
the target to the TeNB 125. If the handover confirm message
is received, the TeNB 125 begins path switching. The packets
(data segments) arrived at the SeNB 115 after it has transmit-
ted the handover command to the ME 100 are stored at the
buffer of the SeNB 115 and are forwarded to the TeNB 125
after the completion of the path switching.

In this process, the same packets are passing the router 130
of the core network twice for a very short time (i.e., twice
queuing) thereby causing instant overload. This increases the
queue size of the router 130 abruptly, resulting in a packet
processing delay or an increase of packet loss probability due
to overflow. The packet processing delay or packet loss
becomes the reason of the Slow Start and Window Halving in
Transmission Control Protocol (TCP), resulting in degrada-
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2

tion of TCP performance. This problem becomes more sig-
nificant in networks with a high density of MEs or high
mobility MEs.

As shown in FIG. 1, when forwarding data from the SeNB
115 to the TeNB 125 in a handover procedure, the original
packets transmitted by the server 150 and the duplicate pack-
ets forwarded by the SeNB 115 are accumulated in the queue
of'the router 130 simultaneously. As a consequence, the queue
of the router 130 overflows instantly so as to cause packet
processing delay or packet loss, resulting in TCP timeout.

Therefore, a need exists for an acknowledgement transmis-
sion method and apparatus capable of avoiding performance
degradation of a router, packet processing delay, and packet
loss.

SUMMARY OF THE INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention is to provide an acknowledge-
ment transmission method and apparatus capable of avoiding
performance degradation of a router, packet processing delay,
and packet loss.

In accordance with an aspect of the present invention, an
acknowledgement transmission method of a terminal con-
nected to a source base station in a mobile communication
system is provided. The method includes transmitting an
acknowledgement corresponding to a segment immediately
upon receipt of the segment, detecting a delay condition event
which is triggered when a difference between a signal
strength of the source base station and a neighboring base
station is equal to or greater than a predefined offset, calcu-
lating, when the delay condition event is detected, a delay
value for delaying acknowledgement transmission corre-
sponding to the segment received after detecting the delay
condition event, and transmitting the segment received after
the detection of the delay condition event by delaying as
much as a time corresponding to the delay value.

In accordance with another aspect of the present invention,
a terminal for transmitting an acknowledgement in a mobile
communication system in which the terminal is connected to
a source base station is provided. The terminal includes an
event detector for detecting a delay condition event which is
triggered when a difference between a signal strength of the
source base station and a neighboring base station is equal to
or greater than a predefined offset, a delay calculator for
calculating, when the delay condition event is detected, a
delay value for delaying acknowledgement transmission cor-
responding to the segment received after detecting the delay
condition event, and a radio communication unit for transmit-
ting the acknowledgement corresponding to the segment
received before the detection of the delay condition without
delay and the acknowledgement corresponding to the seg-
ment received after the detection of the delay condition with
as much delay as the calculated delay value.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a principle of a handover
procedure according to the related art;
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FIG. 2 is a diagram illustrating a principle of a handover
procedure according to an exemplary embodiment of the
present invention;

FIG. 3 is a block diagram illustrating a configuration of a
Mobile Equipment (ME) according to an exemplary embodi-
ment of the present invention;

FIG. 4 is a flowchart illustrating an ACKnowledgement
(ACK) transmission method according to an exemplary
embodiment of the present invention;

FIG. 5 is a flowchart illustrating a delay calculation step
according to an exemplary embodiment of the present inven-
tion;

FIG. 6 is a graph illustrating a principle of predicting a
handover timing according to an exemplary embodiment of
the present invention; and

FIGS. 7 and 8 are graphs illustrating simulation results of a
system performance with and without a delayed ACK trans-
mission technique in a handover procedure according to an
exemplary embodiment of the present invention.

Throughout the drawings, it should be noted that like ref-
erence numbers are used to depict the same or similar ele-
ments, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accompa-
nying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as
defined by the claims and their equivalents. It includes vari-
ous specific details to assist in that understanding but these are
to be regarded as merely exemplary. Accordingly, those of
ordinary skill in the art will recognize that various changes
and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the
invention. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and
claims are not limited to the bibliographical meanings, but,
are merely used by the inventor to enable a clear and consis-
tent understanding of the invention. Accordingly, it should be
apparent to those skilled in the art that the following descrip-
tion of exemplary embodiments of the present invention is
provided for illustration purpose only and not for the purpose
of limiting the invention as defined by the appended claims
and their equivalents.

It is to be understood that the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a compo-
nent surface” includes reference to one or more of such sur-
faces.

By the term “substantially” it is meant that the recited
characteristic, parameter, or value need not be achieved
exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accu-
racy limitations and other factors known to those of skill in the
art, may occur in amounts that do not preclude the effect the
characteristic was intended to provide.

Some elements may be exaggerated herein, omitted, or
simplified in the drawings and, in practice, the elements may
have sizes and/or shapes different from those shown in the
drawings. The same reference numbers are used throughout
the drawings to refer to the same or like parts.

Advantages and features of exemplary embodiments of the
present invention and methods of accomplishing the same
may be understood more readily by reference to the following
description and the accompanying drawings. The present
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invention may, however, be embodied in many different
forms and should not be construed as being limited to the
exemplary embodiments set forth herein. Rather, these exem-
plary embodiments are provided so that this disclosure will be
thorough and complete and will fully convey the concept of
the invention to those skilled in the art, and the present inven-
tion will only be defined by the appended claims. Like refer-
ence numerals refer to like elements throughout the specifi-
cation.

A description is made of the acknowledgement transmis-
sion method and apparatus according to exemplary embodi-
ments of the present invention with reference to accompany-
ing drawings hereinafter.

In order to help understand the exemplary embodiments of
the present invention, a description is first given of the Long
Term Evolution (LTE) measurement event.

FIGS. 2 through 8, discussed below, and the various exem-
plary embodiments used to describe the principles of the
present disclosure in this patent document are by way of
illustration only and should not be construed in any way that
would limit the scope of the disclosure. Those skilled in the
art will understand that the principles of the present disclo-
sure may be implemented in any suitably arranged commu-
nications system. The terms used to describe various embodi-
ments are exemplary. It should be understood that these are
provided to merely aid the understanding of the description,
and that their use and definitions in no way limit the scope of
the invention. Terms first, second, and the like are used to
differentiate between objects having the same terminology
and are in no way intended to represent a chronological order,
unless where explicitly stated otherwise. A set is defined as a
non-empty set including at least one element.

FIG. 2 is a diagram illustrating a principle of a handover
procedure according to an exemplary embodiment of the
present invention.

Referring to FIG. 2, a mobile communication system
includes a plurality of a Mobile Equipment (ME) 300, a router
130, a gateway 140, a server 150, a Source evolved Node B
(SeNB) 115 for managing a source cell 110, and a TargeteNB
(TeNB) 125 for managing a target cell 120.

The description is directed to the standard procedure of the
intra handover in LTE. However, exemplary embodiments of
the present invention is not limited thereto but can be applied
to other systems.

Event Al is triggered when the signal strength of the SeNB
115, which is measured by the ME 300, is equal to or greater
than a threshold value. This is the case where the ME 300 is
stably connected to the SeNB 115.

Event A2 is triggered when the signal strength of the SeNB
115, which is measured by the ME 300, is equal to or less than
a threshold value. This is the case where the ME 300 is
connected to the SeNB 115 but the signal strength of the
SeNB 115 is not strong enough.

Event A3 is triggered when the signal strength of a neigh-
boring eNB is greater than that of the SeNB 115 and the
difference between the signal strengths is equal to or greater
than a predefined offset. If the event A3 is detected, the ME
300 predicts that a handover will occur in the near future.
Thereafter, the event A4 may be triggered depending on the
signal strength of the neighboring eNB.

Event A4 is triggered when the signal strength of the neigh-
boring eNB, which is measured by the ME 300, is equal to or
greater than a threshold value.

Event AS is triggered when the signal strength of the SeNB
115 is equal to or less than a predefined first threshold value
and the signal strength of a neighboring eNB is equal to or
greater than a predefined second threshold value. Here, the
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first threshold value is less than the second threshold value.
Event AS is triggered when the ME 300 moves out of the
source cell 110 and enters a neighboring cell. If the event AS
is detected, the neighboring eNB becomes the target eNB of
a handover such that the User Equipment (UE) detaches from
the SeNB 115.

The events A1, A2, A3, A4, and A5 are well-known to those
skilled in the art, detailed description thereon is omitted
herein.

According to an exemplary embodiment of the present
invention, the term “segment” denotes a unit of data used for
data transmission. The data is transmitted in a segment unit
such that, when a segment is received, the ME acknowledges
the receipt of the data segment (hereinafter, referred to as just
‘segment’) by transmitting an Acknowledgement message
(ACK).

There are a few methods proposed for addressing the prob-
lems described with reference to FIG. 1.

The first method is called a Fast Path Switching. In this
method, the path switching takes place at an early time point
to reduce the packet forwarding amount. If the SeNB sends a
handover command message to the ME, the Target eNB
(TeNB) starts path switching immediately without waiting
for a handover confirm message from the ME.

The second method is called a Handover Prediction. In this
method, the SeNB predicts a handover using the moving
average of the ME and Knowledge Database. The ME sends
a Handover Request to a TeNB according to the Handover
Prediction rather than according to the handover decision
made by the SeNB based on the measurement report sent by
the ME.

Both the fast path switching and the handover prediction
methods are advantageous to reduce the packet forwarding
amount. However, these methods require changes in the han-
dover procedure and function of the eNB of the related art,
resulting in system modification for actual application of
these techniques. In a case of the handover prediction, its
implementation complexity increases in order to secure a
stable handover prediction. In a case of the fast path switch-
ing, although it has a low operation complexity compared to
the handover prediction, the packet forwarding amount
reduction efficiency is low too. Furthermore, since both meth-
ods are based on the prediction technique, if the handover
prediction fails or if a handover cancellation takes place after
the transmission of the handover command, the connection
may be lost. This means that these methods may cause more
loss than gain. An exemplary embodiment of the present
invention proposes a method that is capable of reducing TCP
performance degradation by adjusting, at the ME, the for-
warding packet amount.

Referring again to the related art of FIG. 1, when the SeNB
115 performs data forwarding, the packets transmitted by the
server 150 passes the router 130 twice so as to cause conges-
tion of the queue of the router 130, resulting in performance
degradation. In an exemplary embodiment of the present
invention, ifa specific ME 300 is in the middle of data forward
as a TCP receiver, the TCP sender, i.e., the server 150, reduces
the number of packets transmitted to the corresponding ME
300. That is, ME 300 is configured to send an ACK indicating
a delay of the segments received from the server 150 before
start of the data forwarding. Accordingly, the packets trans-
mitted by the server 150 arrive at the router 130 with delay. By
increasing the transmission period of the new packets at the
server 150, it is possible to avoid the overload as described
with reference to FIG. 1. This method can be applied without
modification of the standard handover procedure and stan-
dard TCP procedure as well as the functions of the eNB with
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the exception of the ME 300. That is, the operations of the
eNBs 115 and 125, the router 130, the gateway 140, and the
server 150 are identical with those in the system of FIG. 1. A
description is made of the configuration and operations of the
ME 300 later with reference to FIGS. 3 through 7. In the
exemplary embodiment of FIG. 2, if a handover is predicted,
the ME 300 sends the server 150 the ACK corresponding to
the received segment with an appropriate delay. As a conse-
quence, the server 150 sends a new packet to the ME 300 at an
elongated interval. Accordingly, the number of segments
accumulated in the queue of the router 130 decreased during
the handover procedure so as to avoid performance degrada-
tion caused by the excessive number of segments in the queue
of the router 130.

FIG. 3 is a block diagram illustrating a configuration of an
ME according to an exemplary embodiment of the present
invention.

Referring to FIG. 3, an ME 300 includes a radio commu-
nication unit 310, an audio processing unit 320, a touchscreen
330, akey input unit 340, a storage unit 350, and a control unit
360.

The radio communication unit 310 is responsible for radio
communication to transmit/receive data. The radio commu-
nication unit 310 may include a Radio Frequency (RF) trans-
ceiver for up-converting and amplifying the transmission sig-
nals and an RF receiver for low noise amplifying and down-
converting the received signals. The radio communication
unit 310 may transfer the data received through a radio chan-
nel to the control unit 360 and transmit the data output by the
control unit 360 through a radio channel.

The radio communication unit 310 receives a data segment
from a server 150 and transmits an ACK to the server in
correspondence to the data segment. If an event triggering a
handover (e.g., event A3) is detected, the radio communica-
tion unit 310 sends the ACK with some delay rather than
immediately after the receipt of the data segment. The
delayed ACK transmission method is described below with
reference to FIGS. 4 through 6. If the handover completes
(i.e., the ME detaches from the SeNB 310) or if an event
predicting no handover is detected while transmitting the
ACK with delay, the ME 300 sends the ACK without delay.
The ACK transmissions with and without delay are described
with reference to FIGS. 4 through 6.

Audio processing unit 320 may include a codec pack
including a data codec for processing packet data and an
audio codec for processing audio signals including voice. The
audio processing unit 320 converts digital audio signals to
analog audio signal by means of the audio codec to output in
the form of audible sound wave through a speaker and con-
verts the analog audio signals received through a microphone
to digital audio signals by means of the audio codec.

The touchscreen 330 includes a touch sensor 331 and a
display panel 332. The touch sensor 331 detects a touch
gesture made by the user. The touch sensor 331 may be
implemented with one of a capacitive overlay sensor, a resis-
tive overlay sensor, an infrared beam sensor, and a pressure
sensor. The touch sensor 331 may also be implemented with
other types of sensors that can detect a contact of an object or
a pressure. The touch sensor 331 detects a touch input made
by the user and generates an input signal to the control unit
360. The input signal includes the coordinates at the position
where the touch input is made by the user. If the touch is
followed by a movement gesture such that the touch position
changes, the touch sensor 331 sends the control unit 360 the
input signal including the coordinates on the movement path.

The display panel 332 may be implemented with one of a
Liquid Crystal Display (LCD), an Organic Light Emitting
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Diode (OLED), and an Active Matrix OLED (AMOLED).
The display panel 332 provides the user with information
including menus, user input data, function configuration and
other indications. The display panel 332 is responsible for
displaying a booting screen, a standby screen, menu screens,
a call progressing screen, and application execution screens.

Although the description is directed to the ME 300
equipped with a touchscreen, the exemplary embodiments of
the present invention are not limited thereto. In a case where
the present invention is applied to the equipment imple-
mented without touchscreen, the touchscreen 300 depicted in
FIG. 3 may operate only with the functions of the display
panel 332.

The key input unit 340 receives a key input made by the
user for controlling the ME 300 and generates input signal to
the control unit 360. The key input unit 340 may be imple-
mented with a keypad having numeric keys and navigation
keys and functions formed at a side of the ME 300. According
to an exemplary embodiment of the present invention, the
touchscreen of the ME 300 may be configured to receive all
available input for manipulating ME 300. In this case the key
input unit 340 may be omitted.

The storage unit 350 stores program data used for the
operation of the ME 300. The storage unit 350 may be divided
into a program region and a data region. The program region
may store Operating System (OS) for booting the ME 300,
programs for controlling the operations of the ME 300, appli-
cation programs for playing multimedia contents and execut-
ing supplementary functions of the ME 300, such as a camera
function, an audio playback function, and a still and motion
picture playback. The data region stores the data generated in
use of the ME 300, such as still and motion pictures, phone-
books, and audio files.

The control unit 360 controls overall operations of the
function blocks of the ME 300 and includes an event detector
361 and a delay calculator 362.

The event detector 361 may detect a handover prediction
event (i.e., event A3), a handover completion event (i.e., event
AS), and an event triggered by the signal strengths of the
source and target eNBs 115 and 125. For example, the event
detector 361 may detect the LTE measurement events A1, A2,
A3, A4, and AS. Although the description is directed to the
LTE measurement event, the event detector 361 may be con-
figured to detect a handover occurrence or a handover predic-
tion event.

The delay calculator 362 calculates the delay value to be
applied to the segment received after the detection of the
handover prediction event (i.e., event A3 or a first event). The
delay value calculation procedure is described with reference
to FIGS. 4 through 6.

FIG. 4 is a flowchart illustrating an ACK transmission
method according to an exemplary embodiment of the present
invention.

Referring to FIG. 4, the ME 300 transmits the ACK imme-
diately upon receipt of a received segment at step 410. At step
410, the ME 300 is in the state where no handover is in
progress or predicted to occur in the near future.

In the state of step 410, the control unit 360 of the ME 300
monitors and determines whether a delay condition trigger
event predicting handover occurrence in the near future is
detected. The first event may be the event A3 among the LTE
measurement events.

The generation and detection of the LTE measurement
events Al, A2, A3, A4, and A5 are well-known to those in the
art, detailed description thereon is omitted herein.

If'the event A3 is detected by the event detector 361 at step
420, the control unit 360 delays the transmission of ACK at
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step 430. Otherwise, if the event A3 is not detected at step
420, the procedure goes to step 410 to continue normal ACK
transmission.

At step 430, the delay calculator 362 calculates the delay
value of the ACK transmission corresponding to the segment
received after the detection of the event A3. For convenience,
it is assumed that a neighboring eNB having the signal
strength greater than that of the SeNB 115 is the TeNB 125
when the event A3 is detected.

FIG. 5 is a flowchart illustrating a delay calculation step
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 5, the delay calculator 362 calculates the
time to be taken for segment forwarding at step 510.

At step 520, the segment (packet) forwarding time
(T4 rvarding) 18 calculated by summing the handover delay
(dg0) between the detach of the ME 300 from the SeNB 115
and the attach of the ME 300 to the TeNB 125 and the path
switching time (dz5) required for switching the path between
the ME 300 and the server 150 after the handover. This can be
expressed by Equation (1):

M

Tporwarding= @m0+ dps

where d,;, can be obtained by Equation (2) and Table 1.

TABLE 1

Procedure title

Connection Control Procedures N

RRC connection establishment 15
RRC connection release NA
connection re-configuration (radio resource configuration) 15
connection re-configuration (measurement configuration) 15
connection re-configuration (intra-LTE mobility) 15
connection re-establishment 15
Initial security activation 10
Paging NA
Tp =85

Event A4 is triggered when the signal strength of the neigh-
boring eNB, which is measured by the ME 300, is equal to or
greater than a threshold value.

50 procHOy Hinterrupe
Linterrupe ™ Lsearcntlipt20 (ms)

dy5=105 (ms) 2)

where 1,70y denotes the time taken for the operation of
table 1, t,,,,,,,,, denotes the time taken for interrupt, t,,,,.;,
denotes the time taken for search of the target cell, t,,,denotes
avalue of uncertainty at the timing between physical channel
structures of the source cell 11. t ., and t;, are small
enough to ignore.

dPS is the sum of the processing delay t,,,,,..zs, required for
path switching and the Round Trip Time (RTT) of the packet
to the server 150 as expressed by Equation (3):

dps=RIT+lyyoops)

®
where t,,,,,.s, 15 small enough to ignore.

From the above equations, the packet forward time

(T 4 rvarding) has the following relationship of Equation (4):

Torvarding=1 05+RTT @

Thereafter, the delay calculator 362 calculates a number of
segments to be received by the ME 300 from the time point
when the event A3 has been detected and the ME has detached
from the SeNB 115, i.e., until the event AS takes place.
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Assuming that the event A3 detection time point is t, a
number of segments received from t-T to the current time
point t is defined as N. If the event A3 takes place, the delay
calculator 362 determines N, by tracking the history for time
T.

FIG. 6 is a graph illustrating a principle of predicting a
handover timing according to an exemplary embodiment of
the present invention.

Referring to FIG. 6, if the event A3 is detected, the delay
calculator 362 predicts the event A3 time point, i.e., the tim-
ing when the handover takes place, based on the signal
strengths of the SeNB 115 and the TeNB 125. For example,
the delay calculator 362 may predict the event AS occurrence
time point based on the received strengths of Common Pilot
Channels (CPICHs) of the SeNB 115 and TeNB 125. The
pilot signal strength received from the SeNB 115 at i slot is
referred to as CPICH,,,(i). The difference between the
SeNB’s pilot signal strengths at the i” and (i-1)” slots is
referred to as ACPICH,, (i). Similarly, the difference
between TeNB’s pilot signal strengths at the i and (i-1)"
slots is referred to as ACPICH,,,,(1).

The delay calculator 362 may predict the event A5 occur-
rence timing, i.e., the time point t,,, when the ME 300
detaches from the SeNB 115, based on the SeNB’s pilot
signal strength displacement ACPICH,,, (i) and the TeNB’s
pilot signal strength displacement ACPICH,,,,.(i). That is, the
delay calculator 362 may calculate the time point where the
event A5 condition is fulfilled under the assumption that the
SeNB’s pilot signal strength displacement ACPICH,,, (i) and
the TeNB’s pilot signal strength displacement ACPICH,, (1)
are maintained without change.

The delay calculator 362 may calculate the number of
segments (N-DI) predicted to be received by the ME 300 for
duration (t, t,,) using Equation (5):

N_DI=Ng/T*(t 4.~1) %)

The delay calculator 362 calculates the delay value for
delaying the transmission of the ACK corresponding to the
segment received since time point t at step 530 using the
number of segments predicted to be received, which is calcu-
lated at step 510, and the forwarding time calculated at step
520.

The Radio communication unit 310 transmits the ACKs
corresponding to N_DI segments received since the time
point t by delaying by as much as d,, d,, . . ., dy p, respec-
tively. -

The delay value d,, ,, of the N_DI? packet may be calcu-
lated by multiplying a scaling factor ¢ (O<c<1)with the packet
forwarding time.

The respective ACK delay values (d,, d,, . .
be calculated by Equations (6) through (8).

SRTT(t) denotes Standard Round Trip Time of the packet
at time point t. RTT®**? denotes the delayed round trip
time of the n” segment received since the time point t. The
delayed round trip time of the n” segment is calculated by
summing the standard round trip time and the delay value of
the corresponding segment as expressed by Equation (6):

i) dNJ)I) may

RTT™ @ = SRTT(1) + d, ©

RTTE™ = SRTT() + dy

RTT 51 = SRTT(®0) + dy i
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In order to make the delayed RTT values a geometric
series, the relationship of Equation (7) is required:

RTTved, =ty SRTT(H) 7

From Equations (6) and (7), the following Equations (8)
are derived.

RTT#eved ) | =N SRTT()=SRIT(+dy pr

dN,DF(kN PL)xSRTT(ty=c (Trorwarding)
(c: scaling factor)

I (T araing) SRTT(0) N

& =(e=DxSRITO~(E( Lommianaing) SRTTH) NPT 1)x

SRTT(?) (8)

The delay values calculated in this way are used for delay-
ing the transmission of the ACK at step 440 of FIG. 4.

Returning to FIG. 4, the Radio communication unit 310
transmits, at step 440, the ACK corresponding to the segment
received after the event A3 detection time point by delaying
by as much as the delay value calculated at step 430. The
ACKs corresponding to the first to the N_DI” segments are
delayed by as muchas d, to d,; ,, respectively. At the step of
calculating the ACK delay value, t,,, and N_DI are the pre-
dicted values, and the number of segments received actually
may differ from the prediction. Accordingly, when the num-
ber of segments received before the event AS occurrence time
point, the transmission of the ACK corresponding to the seg-
ment following the N_DI? segment may be delayed by as
much as d,; 5

The event detector 361 determines whether one of the
delay termination conditions is fulfilled at steps 450 to 470. If
one of the delay termination conditions is fulfilled, i.e., one of
the delay termination events is detected, the ME terminates
the ACK delay transmission mode and transmits the ACK
immediately upon receipt of the segments.

The control unit 360 determines whether the event AS is
detected at step 450. If the event AS is detected, this means
that the handover has completed and thus there is no need to
delay the ACK transmission any longer. Accordingly, upon
detection of the event A5, the control unit 360 returns the
procedure to step 410 to transmit the ACK corresponding to
the segment, which has been received previously but not yet
acknowledged, immediately and the ACKs corresponding to
the segments received afterward without delay. If the event
AS is not detected, the procedure goes to step 460.

The control unit 360 determines whether the event A2 is
detected in the event A3 state at step 460. If the event A2 is
detected in the event A3 state, this means that the event A2
follows the event A3 with the exception of other events. This
is the case where the event occurs in a direction opposite to the
predicted handover direction. Accordingly, no handover is
predicted to occur in the near future and thus the control unit
360 returns the procedure to step 410 to transmit the ACK
corresponding to the segment, which has been received pre-
viously but not yet acknowledged, immediately and the ACKs
corresponding to the segments received afterward without
delay. If the event A2 is not detected in the event A3 state, the
procedure goes to step 470.

The control unit 360 determines whether the event A3 is
detected in the event A4 state at step 470. If the event A3 is
detected in the event A4 state, this means that the event A3
follows the event A4 with the exception of other events. This
is the case wherein the event progresses in a direction oppo-
site to the predicted handover direction. Accordingly, no han-
dover is predicted to occur in the near future and thus the
control unit 360 returns the procedure to step 410 to transmit
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the ACK corresponding to the segment, which has been
received previously but not yet acknowledged, immediately
and the ACKs corresponding to the segments received after-
ward without delay. If the event A3 is not detected in the event
A4 state, the procedure goes to step 440 such that the delayed
ACK transmission mode is maintained.

FIG. 4 is directed to the case where the delay termination
conditions are the event A5 detection, event A3 detection in
the event A4 state, and event A2 detection in the event A3
state. However, exemplary embodiments of the present inven-
tion may be applied to other cases, e.g., when the ME 400
stops the delayed ACK transmission mode upon receipt of the
handover cancellation command from the SeNB 115. In addi-
tion, the delayed ACK transmission mode may be terminated
when the LTE measurement events take place in opposite
order to the above-described order or other events predicting
that no handover will occur in the near future are detected.

FIGS. 7 and 8 are graphs illustrating simulation results of a
system performance with and without a delayed ACK trans-
mission technique in a handover procedure according to an
exemplary embodiment of the present invention.

Referring to FIGS. 7 and 8, the simulations have been
performed with the following parameters.

C++

Two servers and two MEs

200 packets per second

End-to-end delay=0.1 second

Router processing delay—35 ms (data), 0.5 ms (ACK)

Initial minimum RTO=1 second

In the simulation, the packet forward starts at 5 seconds and
stops at 5.3 seconds, and the delayed ACK transmission starts
at4.3 seconds. FIG. 7 shows that the slow start occurs repeat-
edly since the start of packet forward at 5 seconds when the
delayed ACK transmission is not applied. This is because the
TCP sender regards the processing delay increasing in pro-
portion to the instant increase of the queue length as a timeout
caused by a certain reason, such as packet loss. Since it takes
some time for the queue to be stable, the Congestion Window
Size (CWND) is not yet stable even after the end of the packet
forward at 5.3 seconds. Meanwhile, when the delayed ACK
transmission technique is applied, the CWND reached the
ceiling value right after the start of the delayed ACK trans-
mission enters the slow-start state earlier than that of the case
without the delayed ACK transmission technique, but the
CWND increases gradually after the start of the packet for-
warding in the congestion avoidance state without entering
the slow-start state, while the queue length is maintained
stably as shown in FIG. 8. The delayed ACK transmission
method and apparatus of the exemplary embodiments of the
present invention is capable of improving the packet process-
ing efficiency especially in the situation where the core net-
work is processing handovers of a plurality of terminals, such
that the limited queue size of the router causes packet loss.

As described above, the delayed ACK transmission method
and apparatus of the exemplary embodiments of the present
invention is capable of avoiding router’s throughput degra-
dation and reducing the packet transmission delay and packet
loss especially in the handover procedure with the packet
forwarding.

It will be understood that each block of the flowchart illus-
trations and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
a general purpose computer, a special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
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processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks. These computer program instructions may
also be stored in a computer-readable memory that can direct
acomputer or other programmable data processing apparatus
to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of
manufacture including instruction means which implement
the function/act specified in the flowchart and/or block dia-
gram block or blocks. The computer program instructions
may also be loaded onto a computer or other programmable
data processing apparatus to cause a series of operational
steps to be performed on the computer or other programmable
apparatus to produce a computer implemented process, such
that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

Furthermore, the respective block diagrams may illustrate
parts of modules, segments or codes including at least one or
more executable instructions for performing specific logic
function(s). Moreover, it should be noted that the functions of
the blocks may be performed in a different order and with
several modifications. For example, two successive blocks
may be performed substantially at the same time, or may be
performed in a reverse order according to their functions.

The term “module” according to the exemplary embodi-
ments of the present invention, means, but is not limited to, a
software or a hardware component, such as a Field Program-
mable Gate Array (FPGA) or an Application Specific Inte-
grated Circuit (ASIC), which performs certain tasks. A mod-
ule may advantageously be configured to reside on the
addressable storage medium and configured to be executed on
one or more processors. Thus, a module may include, by way
of example, components, such as software components,
object-oriented software components, class components and
task components, processes, functions, attributes, proce-
dures, subroutines, segments of program code, drivers, firm-
ware, microcode, circuitry, data, databases, data structures,
tables, arrays, and variables. The functionality provided for in
the components and modules may be combined into fewer
components and modules or further separated into additional
components and modules. In addition, the components and
modules may be implemented, such that they execute one or
more Central Processing Units (CPUs) in a device or a secure
multimedia card.

While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method for transmitting an acknowledgement mes-
sage corresponding to a segment by a terminal in a mobile
communication system, the method comprising:

determining whether a difference between a strength of a

first signal from a source base station and a strength of a
second signal from a neighboring base station is equal to
or greater than a predefined offset;

calculating, if the difference between the strength of the

first signal from the source base station and the strength
of the second signal from the neighboring base station is
equal to or greater than the predefined offset, a delay
value based on a number of segments expected to be
received until the terminal detaches from the source base
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station and based on a forwarding time to be taken for
segment forwarding in a handover procedure between
the source base station and the neighboring base station;

transmitting an acknowledgement message to which the
calculated delay value is applied in response to receiving
a segment; and

transmitting, when a delay termination event is detected, an
acknowledgement message corresponding to a received
segment without applying the delay value,

wherein the delay termination event includes at least one of

detecting an event AS which is triggered when a signal
strength of the source base station is equal to or less than
apredefined first threshold value and a signal strength of
the neighboring base station is equal to or greater than a
predefined second threshold value, an event A2, which is
triggered when a signal strength of the source base sta-
tion is equal to or less than a threshold value, in state of
an event A3 which is triggered when a signal strength of
the neighboring base station is greater than a signal
strength of the source base station and a difference
between the signal strengths is equal to or greater than
the predefined offset, and the event A3 in state of an
event A4 which is triggered when a signal strength of the
neighboring base station is equal to or greater than a
threshold value, and

wherein the calculating of the delay value comprises cal-

culating the number of segments and the forwarding
time and obtaining the delay value to be applied to the
segment to be received based on the number of segments
and the forwarding time.

2. The method of claim 1, further comprising:

transmitting, when a delay termination event is detected, an

acknowledgement message corresponding to a segment
already received but not yet acknowledged without
applying the delay value.

3. The method of claim 1, wherein the delay termination
event comprises an event triggered by the terminal detaching
from the source base station.

4. The method of claim 1, wherein the strength of the
second signal from the neighboring base station is greater
than the strength of the first signal from the source base
station.

5. A terminal for transmitting an acknowledgement mes-
sage corresponding to a segment in a mobile communication
system, the terminal comprising:

an event detector configured to determine whether a difter-

ence between a strength of a first signal from a source
base station and a strength of a second signal from a
neighboring base station is equal to or greater than a
predefined offset;
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a delay calculator configured to calculate a delay value
based on a number of segments expected to be received
until the terminal detaches from the source base station
and based on a forwarding time to be taken for segment
forwarding in a handover procedure between the source
base station and the neighboring base station, if the
difference between the strength of the first signal from
the source base station and the strength of the second
signal from the neighboring base station is equal to or
greater than the predefined offset; and

a radio communication unit configured to:
transmit an acknowledgement message to which the cal-

culated delay value is applied in response to receiving
a segment, and
transmit, when a delay termination event is detected, an
acknowledgement message corresponding to a
received segment without applying the delay value,
wherein the delay termination event includes at least one of
detecting an event A5 which is triggered when a signal
strength of'the source base station is equal to or less than
apredefined first threshold value and a signal strength of
the neighboring base station is equal to or greater than a
predefined second threshold value, an event A2, which is
triggered when a signal strength of the source base sta-
tion is equal to or less than a threshold value, in state of
an event A3 which is triggered when a signal strength of
the neighboring base station is greater than a signal
strength of the source base station and a difference
between the signal strengths is equal to or greater than
the predefined offset, and the event A3 in state of an
event A4 which is triggered when a signal strength ofthe
neighboring base station is equal to or greater than a
threshold value, and

wherein the delay calculator is further configured to calcu-
late the number of segments and the forwarding time,
and to obtain the delay value to be applied to the segment
to be received based on the number of segments and the
forwarding time.

6. The terminal of claim 5, wherein the radio communica-
tion unit is further configured to transmit, when a delay ter-
mination event is detected, an acknowledgement message
corresponding to a segment already received but not yet
acknowledged without applying the delay value.

7. The terminal of claim 5, wherein the delay termination
event comprises an event triggered by the terminal detaching
from the source base station.

8. The terminal of claim 5, wherein the strength of the
second signal from the neighboring base station is greater
than the strength of the first signal from the source base
station.



